The operculum of the problematic tubular fossil Cupitheca holocyclata Bengtson in Bengtson et al. 16 1990 is described for the first time based on collections from South Australia and North China. The 17 phosphatized sub-circular operculum exhibits well defined cardinal processes and a narrow cardinal 18 shield unequivocally demonstrating that Cupitheca is a hyolith, probably an orthothecid. Cupitheca 19 holocyclata has an almost global distribution in Cambrian Stage 3-4. The apical structure of the 20 operculum is an elevated, disc-shaped platform with a concave base and a marginal rim that could 21 represent the scar of a specialized larval attachment structure, perhaps anchoring the larval hyolith 22 2 to a sediment grain, algae or other benthic substrate. Cupitheca probably had a pelagic larval stage 23 and settled on the seafloor by attachment of the apical disc to suitable substrates before developing 24 a free-living benthic adult lifestyle. This contrasting mode of life compared to other hyolith genera 25 suggests that the group had already evolved a range of distinct lifestyles in the Cambrian, providing 26 significant clues into their ecology and distribution. 27
preserved specimen is also present in our material from the Ajax Limestone, Mt. Scott (Fig. 2) . The 194 gently curved conch is about 2 mm long, gently tapering with terminal diameters of 300 µm and 650 195 µm respectively (Fig. 2A) . The cross section is almost circular and the narrow end terminates in a 196 convex septum with countersunk rim preserving traces of tubules (Fig. 2C) . The external ornament 197 reveals a combination of strong, transverse growth-lines and finer, longitudinal ribs resulting in a 198 weakly reticulate pattern (Fig. 2B) . The aperture is not planar and circumscribe a gently undulating 199 curve which is mirrored by the transverse growth lines (Fig. 2B) . with a characteristic external ornament of fine radiating and concentric ribs (Fig. 3) . These ribs match 206 the transverse and longitudinal striations of the associated C. holocyclata conchs in size, amplitude 207 and distribution (Fig. 3E) . In plan external view, the opercula are sub-circular to sub-triangular with a 208 flattened ventral margin. The external surface of the opercula exhibit a low, sloping conical shield 209 and a narrow hemi-circular cardinal shield along the dorsal margin (Fig. 3A-F) . The furrow between 210 conical and cardinal shields is poorly defined. The raised apex is situated on the conical shield, close 211 to the dorsal margin (Fig. 3A, E, G) . In lateral view, it is apparent that the edge of the operculum 212 follows a gently undulating curve, which closely matches the outline of transverse growth-lines on 213 the associated conchs ( Figs 2C, D, 3M ). The internal surface of the opercula exhibits a narrow distal 214 ridge along the dorsal and lateral margins (Fig. 3I-L) . Two well defined, blade-like cardinal processes 215 extends almost perpendicularly from the inner slope of the marginal ridge close to the dorsal margin 216 (Fig. 3I, L) . The angle formed by the processes is close to 60° and they terminate in smoothly rounded 217 edges (Fig. 3K) . The internal surface is otherwise smooth and no traces of clavicles can be observed. 218
The apex of the operculum of Cupitheca holocyclata is characterized by a transversely oval 219 structure with a diameter of about 150 µm, which is raised (by up to 50 µm) above the conical shield 220 (Fig. 3G, H) . The apical structure is a flat or gently convex plate encircled by a 5-10 µm high wall (Fig.  221   3H) . The central part of the apical structure of the best preserved specimen exhibits a weakly defined 222 circular depression about 25 µm across (Fig. 3G) . The opercula associated with Cupitheca conchs at Shangwan and Sanjianfang in North China are very 235 similar to the Australian specimens described above in outline and gross morphology (Fig. 4) . The 236
Chinese specimens are partly fragmentary and most are strongly covered by diagenetic minerals. 237 However, they appear to exhibit a greater variation in shape and external surface ornament 238 compared to the Australian specimens. Opercula of similar size may be either subtriangular (Fig. 4A,  239 D, G) or sub-circular (Fig. 4B, H , K, L) and either the radial or the concentric ornament may be more 240 strongly developed (compare figs 4A and 4B). However, to what degree this is a consequence of 241 preservation is not clear. Minor morphological differences between the Australian and Chinese forms 242 exist in the slightly thicker cardinal processes of the Chinese specimens (Fig. 4F, M) and in the less 243 strongly undulating margin of the operculum in lateral view (Fig. 4I) . 244
The apical structures of the Chinese opercula appear to be identical to those of the Australian 245 specimens, except that the average diameter of the raised area is smaller (about 100 µm; Fig. 4C, F,  246 J). The relatively poor preservation obscures such details as the presence of a raised rim around the 247 apical structure or a central circular depression which could not be observed. distribution of C. holocyclata may suggest that this species could be useful for intercontinental 296 correlation in Cambrian Series 2, although its stratigraphical range is not fully known and may span 297 both Cambrian stages 3 and 4. However, it is worth noting that species identification in Cupitheca 298 relies on preservation of external ornament (Bengtson et al. 1990 ) and that the genus Cupitheca 299 itself has a wider range both geographically and stratigraphically than C. holocyclata. 300
301

Apex of operculum and life history 302
The most unusual feature of the operculum of Cupitheca from Australia and China is the raised sub-303 circular apical structure. The operculum of hyoliths often exhibits a small, apical structure on the 304 conical shield of the operculum, which probably represents the initial growth stage, possibly 305
